Abstract 44 We observed that heat shock of Caenorhabditis elegans leads to the formation of nuclear 45 double-stranded RNA (dsRNA) foci, detectable with a dsRNA-specific monoclonal antibody.
157 outside of the region, or matched other regions up to 18nt long with high transcriptomic 158 expression viewed in the Integrative Genome Viewer (IGV) [25] Probes and locations are 159 available in S1 File. 160 For FISH probing and storage, the Stellaris protocol for C. elegans was followed using 161 RNAase OUT (Invitrogen) when applicable. Briefly, worms were washed off plates using 162 nuclease-free water and fixed for 45 minutes at room temperature in a fixation buffer ( . This strain has a single copy insertion of hsf-1 with 229 a C-terminal GFP driven by the hsf-1 promoter, and shows nuclear GFP expression that 230 redistributes into granules after a one minute heat shock at 35 ºC [14] . Using the J2 antibody for 231 immunohistochemistry, we found J2 dsRNA foci in nuclear regions that partially overlapped 232 with nuclear HSF-1 stress granules when drSI-13 worms were heat shocked for 35 ºC for 40 233 minutes (Fig 1) .
234 The apparent increase in dsRNA we observed in heat shocked worms [and previously 258 observed in the tdp-1(ok803) mutant] could result from an increased accumulation of antisense 259 transcripts. To obtain a global view of antisense levels, we calculated an antisense/sense ratio for 260 genes using the total RNA samples (S3 File for methods). Genes with a minimum of 20 antisense 261 and 20 sense reads were used for the analysis. For both heat shock and tdp-1(ok803) samples, we 262 found a strong trend towards increased antisense/sense ratios compared to normal conditions (Fig   263 3 ). Heat shock results in 77% of the genes tested (785/1016) having increased antisense/sense 264 ratios > 1 compared to wild type, and tdp-1(ok803) having 86% (799/925) with increased ratios 265 compared to wild type. Notably, heat shock produced a higher average antisense/sense ratio with 266 a greater spread of ratios compared to tdp-1(ok803). We used gene ontology (GO) analysis to investigate if transcripts enriched in the J2 313 immunoprecipitation fell into any functional categories. Using GOATOOLS [32], we found that 314 many GO terms related to translation were significantly enriched (FDR < 0.05) in both the heat 315 shock and tdp-1(ok803) J2-IP pools. In order to get the total number of genes involved in 316 translation, which we call "translation related genes", we combined lists of genes from all 317 significantly enriched GO terms containing the words "translation", "ribosome", and 318 "ribosomal", then removed duplicate genes that were members of multiple GO terms (S3 File for 319 methods). In sense J2 enriched transcripts, we find 234 translation related genes with heat shock, 320 27 translation related genes in tdp-1(ok803), and 19 translation related genes in the overlap. In 321 the J2 depleted sense pool, heat shock contained 30 translation related genes, tdp-1(ok803) 322 worms had no translation related genes, as well as no translation related genes in the overlap. In 323 J2-enriched antisense transcripts, only heat shocked worms had 33 translation related genes.
324 There was no translation related genes found in J2-depleted antisense transcripts (S5 File for list 325 of significant genes and translation related genes, S6 File for GOATOOLS output).
326 327 328 Enrichment of transcripts downstream of genes in the J2 pool 329 While examining the transcription of known heat shock-inducible genes, we noted in heat 330 shocked populations an accumulation of read-through transcripts downstream of annotated genes 331 (see example in Fig 5) . Interestingly, some of these downstream-of-gene transcripts (DoGs) 332 were also highly enriched in the J2-IP pool. While previous work has characterized the
